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Abstract 


The  dipole  aoaents  of  the  com poinds  previously  known  as 
bomyl  d 1 chloride  and  ^ chlorocaaphane  have  been  aeasured.  The  con- 
figurational relationships  of  the  two  chlorine  atoaa  in  each  of 
these  compounds  is  deduced  from  these  data  and  other  considerations. 
The  mechanism  of  the  reactions  by  which  these  substances  are  formed 
is  clarified  by  knowledge  of  their  respective  configurations.  Some 
general  conclusions  may  be  inferred  concerning  the  uteri c course  of 
and  the  transition  states  in  the  Wagner-lfeerweln  and  Saaetkin  re- 
arrangements. Evidence  bearing  on  the  relationship  of  the  borqyl 
and  lsobomyl  configurations  has  also  bean  deduced  froa  these  data. 


The  structure  of  the  principal  dichlorination  product  of 
0lpinene(X)  described  by  Aschen  and  others1  has  been  Identified  as 


(1)  0.  Aschen.  Ber.  61,  98  (1928) 

0.  Srua,  Compt.  rend.  180.  1507  (1925) 


2,6  dichlorocamphane  on  the  basis  of  trlcylene  formation  when  this 
product  la  treated  with  sine  or  sodLua.  Although  referred  to  by 


2 


Simonsea  and  others*  as  bomyl  dichloride  the 


previously  reported 


(2)  J.  L.  Simonsea,  THE  TEKPECES,  Oxford  University  Press,  1949, 
Vol.  II,  p.  167 
(Sea  also  reference  (4)) 


evidence  has  not  permitted  a configurational  assignment  of  the 
chlorine  atoms;  l.e.  whether  exo  or  endo.  Ve  report  here  a basis 
for  distinction  In  the  results  of  dipole  moment  measurements  and  a 
comparison  of  these  results  with  the  values  calculated  for  all 
possible  configuration*.  (See  tsble  Z). 


Possible 

Configuration 

•22-223 

exo-endo 

lafla-tadft 


Isttft  l 

lx « BLchi4ca<iM2»ma  (III) 

u»  Calculated 

2.8  D 
2.5  D 
4.2  D 


2-222 
* Jfi*2 


ZA  i^shiAcaaaaabWfi  (U) 

2.5  D 
2.5  D 


u Observed 


4.0  P 


2.5  D 


♦The  dipole  moments  of  bornyl  and  iso bo ray 1 chlorides  were  deter- 
mined (see  experimental  section)  and  found  to  be  identical.  This 
value  of  the  C-Cl  bond  moment  (2.1  D)  mas  used  in  calculating  the 
soments  of  all  possible  configurations. 
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Tha  sndo-endo  configuration  chosen  m moat  consistent 
with  the  date  holds  particular  interest  for  the  following  reasons* 
Considering  the  sethod  of  formation  of  lit  from  pineoe,  chlorin- 
stioo  has  resulted  in  a rearrangement  of  the  carbon  skeleton.  A 
bridged  cation  intermediate  (see  equation  I)  analogous  to  that 
siggeeted  hy  leeille,  De  Salas  and  Wilson  and  others9  to  explain 


(8)  f*  P.  Seville,  E*  Da  Salsa  and  C*  L.  Wilson,  J.  Cham.  Soc., 
1168  (1989).  8ee  also  W.  E.  Doering  Abstracts  118th  meeting 
of  the  American  Chemical  Society,  Chicago,  111.,  April  19-28, 
1946,  p.  42L  and  8.  Wi ostein  et  al,  this  Journal,  74.  1180 
(1988) 


the  Wagner-lleeree In  rearrangement  of  can  phene  hydrochloride  accounts 
satisfactorily  for  the  alteration  of  the  carbon  skeleton  during  this 
reaction. 


It  is  seen  from  the  purely  endo-sndo  configuration  of  the 
product,  requiring,  as  it  does,  haring  added  the  elements  of  chlorine 
from  the  same  side  of  the  molecule,  that  this  confirms  maintenance 
of  configuration  at  the  site  of  reaction  in  the  bridging  cation  (II) . 
The  product  therefore  arises  only  on  reareerd  displsoeaieot  of  the 
delocalised  electron  pair  maintaining  tha  configuration  of  tho  cation 
as  indicated  in  tha  structural  equation  above.  The  operation  of 
purely  polar  factors  in  this  sochsniaa  has  been  inferred  from  the 
observation  of  Benderooo  sad  Harsh4  that  8,6  dichlarocamphana,  as 


(4)  G.  0*  Haodaraon  and  J*  E.  Marsh,  J.  Chan.  Soc*  119.  1498  (1981) 
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would  be  expected  la  a polar  halognation®  also  arises  from  the 

(5)  K.  J.  S.  Dewar,  THE  ELECTRONIC  THEORY  OF  ORGANIC  CHEMISTRY, 
Oxford  Unix.  Press,  (1949)  p.  141  et  seq. 

chlorination  of  Ck  pinene  in  aqueous  solution  alongside  of  plnene 
glycol  and  chlorohydrln. 

The  endo-endo  configuration,  deduced  for  2,6  dlchloro- 
c am phase  would  at  first  glance  suggest  that  the  elements  of  chlorine 
had  added  from  the  eado  side  and  this  in  turn  construed  as  a contra- 
diction of  the  rule  of  exo  addition  substantiated  in  tne  wore  of 

a 

Alder  and  Llnstead  and  their  collaborators. ' However,  in  the  re- 


(6)  K.  Alder  and  G.  Stein,  tan.,  515,  161  (1955) 

Ibid..  525.  185  (1956) 

R.  Llnstead  et  al,  This  Journal,  64,  1365  (1942) 

• 

action  mechanism  represented  in  equation  (1)  initial  attack  at  the 
double  bond  in  (A  plnene  by  the  electrophilic  reagent  has  been  de- 
picted aa  occurring  from  the  exo  side  of  the  molecule  if  one  accepts 
the  unsubstituted  methylene  bridge  as  the  frame  of  reference. 
Curiously,  the  exo  addition  reference  disappears  in  forming  the 
product  (IK)  which  contains  only  a dlsubstltuted  methylene  bridge. 
This  interesting  situation  occurs  often  in  the  chemistry  of  (X  plnene. 
Thus  the  structure  of  (A  plnene  oxide  obtained*^  by  the  action  of 

(7)  f.  Prilescbaev,  Ber.,  J2,  4814  (1909) 
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r 
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perbensoic  acid  on  & pinens  can  ba  assigned  as  IV,  in  view  of  the 
course  of  addition  described  above  for  the  chlorination  of  CX  pinene. 
Indeed,  the  nechani sa  of  add  catalysed  rearrangement  of  this  oxide 
to  VI  observed  by  Arbusov®  can  be  deduced  in  consonance  with  the 

(8)  B.  Arbusov,  Ber.,  68,  1490  (1956).  We  are  indebted  to  Dr.  V.  E. 
Doering  for  this  suggestion. 

sterochealcal  results  of  the  chlorination  reaction.  (See  equation  2). 
The  formation  of  the  bridged  ion  intermediate  V in  this  rearrange- 
ment, analogous  to  the  formation  of  II  in  equation  (2),  Involves  the 
participation  of  the  neighboring  di substituted  eethylene  bridge 
located  trana  and  nearly  coplanar  with  respect  to  the  rupturing 
oxoniom  loo  bond. 

Often,  however,  the  course  of  addition  to  the  double  bond 
ln0(  pinene  may  be  inferred  by  regarding  the  di  substituted  eethylene 
bridge  as  the  frame  of  reference  for  exo  attack  by  the  electrophilic 
reagent.  The  addition  of  hydrogen  chloride  to  0(  pinene9  j,a  * ca*« 

(9)  0.  Aachen,  Ber.,  40,  2750  (1907),  Ann.,  987,  1 (1312) 

in  point  where  both  the  substituted  and  uasubstituted  bridges  simul- 
taneously direct  the  course  of  addition  resulting  in  two  different 
reaction  products.  The  Mechanise  formulated  in  equation  (5)  appears 
to  afford  an  adequate  explanation  for  slxultaneous  formation  of  the 
two  products  in  tons  of  two  different  bridged  ion  intermediates; 


© 


Cl 


tha  on*  ( VTI)  arising  fron  tbs  unsubstltuted  aethylene  bridge  orien- 
tation lands  to  tbs  prapooderaat  product,  bornyl  chloride  (IX),  the 
other  (VIII)  arising  fron  tha  dlsubstltuted  aethylene  bridge  orien- 
tation leads  to  tbs  alnor  product,  (Xfenchyl  chloride  (X)* 

The  fact  that  & fenchyl  derivatives  always  accoapany  the 
corresponding  bornyl  derivatives  obtained  in  addition  reactions  of 
(X  pinene*®  is  best  understood  in  teras  of  the  equillbriua  of  <X  pinene 


(10)  X.  Delepine,  Coapt.  tend.  178  , 2086  (19*4),  179,  176  (1924) 

structures  (I)  and  (I*)  and  aaiatenance  of  configuration  in  the 
distinctive  bridged  ion  interned! atee  (VII)  and  (VIII).  The  con- 
figurational relationship  of  bornyl  sad  (ft  fenchyl  structures  has 
been  previously  suggested  by  B&ckel  and  eoeorkers.^  The  aechanlaa 


(II)  «.  Shekel,  H.  Kindi er  and  B.  Wolowaki,  Bar.,  77,  220  (1944). 

See  also  fi.  Scheldt  and  K.  Todenhftfer  SchiaaeiHeports,  118, 
(1987)  and  G.  Xoappa  aad  S.  Beckaaan,  Ana.,  622,  187  (1986) 

depicted  in  equation  (8)  is  seen  to  be  entirely  consistent  with  this 
structural  relationship. 

A second  eonsequsnee  of  the  configurational  assignasnt 

(III)  suggested  here  for  bornyl  dichloride  bears  on  the  long  con- 
tested question  of  whether  a bornyl  structure  corresponds  to  the 
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:**•*'.•  - •»*»««*■* 


tto  or  endo  configuration1-*  and  vice  versa  for  the  isobornyl  con- 


r 


c 


(12)  K.  Alder  and  G.  Stein,  Ann.  514,  211  (1354) 

H.  Bode,  Ber.,  70,  1167  (1957) 

G.  Koappa  and  G.  A.  Nyman,  ibid.,  €9,  SS4  (1356) 

W.  Hftckel,  Die  Chemie,  56,  227  (1942) 

figuration. 

Consideration  of  the  cheaical  reactivity  of  2,6  dichloro- 
ciaphane  has  heretofore  suggested  a relationship  to  the  inertness 
of  the  bornyl  halides  and  prompted  the  name  bornyl  dichloride.  The 
present  endo  assignnent  supports  the  vie*  that  a bornyl  configure* 
tloa  in  a suitably  substituted  caaphane  is  alrays  endo. 

^ -richlorocaaphane  resulting  from  rearrangement  of  2,2* 
dichlorocaaphane  wltn  electrophilic  reagents  has  been  shorn  by  Houben 
and  Pfankuch,17,  to  be  2,4  dirhlorocamphane.  The  2-pxo  structure  «e 


(17)  J.  Houben  and  E.  Pfankuch,  Ann.,  501,  219  (1955) 

have  assigned  to  XI  docs  not  result  from  as  clear  a choice  of  struc* 
tures  (see  Table  I)  as  was  the  case  with  (II t)  since  it  is  seen  that 
a 2* endo  structure  is  not  excluded  by  the  dipole  moment  data.  Bow- 
ever,  Houben  and  Pfankuch  from  considerations  of  optical  activity 


(14)  J.  Houben  and  F.  Pfankuch,  Ann.,  489,  204  (1371).  See  also 
reference  (19). 
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of  ^ dichlorocaaphane  have  proven  an  isobornyl  configuration  for 
the  2-chlorine  a too.  Since  the  evidence  diacuaaed  above  in  con- 
nection with  the  structure  of  2,6  dichlorocaaphane  indicates  that 
the  Isobornyl  configuration  is  sag,  the  2-exo  aodel  is  chosen. 

This  selection  is  also  consistent  with  the  aechanisa  represented 
in  equation  4 for  the  rearrangeaent  reaction  by  which  XI  is  forced. 

A series  of  bridged  cation  intermediates  act  to  preserve  the  stereo- 
chemical purity  of  the  reaction  product  in  such  the  saae  manner  as 
in  the  chlorination  of  0(  plneoe.  Ho  less  than  three  (XII,  XIII, 
and  XIV)  such  bridged  cations  are  involved  in  the  rearrangement  with 
the  remarkable  result  of  a single  stereoisomer  as  the  product. 

The  stereochemical  course  of  the  lagnar  Meerweln  and 
Hanetkln15  rearrangements,  which  these  examples  illustrate.  Is  thus 


(15)  8.  Hanetkin  at  ml,  J,  pr.  Cham,  (ii),  124.  144  (19S0)|  Bar., 

66,  511  (1988) 

characterised  by  complete  maintenance  of  configuration  in  bridged 
ion  intermediates  and  by  rearward  displacement  of  the  participating 
bonds  either  by  other  participating  electron  pairs  located  trans  and 
nearly  coplsnar  with  respect  to  the  bridged  loci,  loading  to  an 
equilibrium  of  such  intermediates  or  ultimately  by  anions,  leading 
to  products. 
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Experimental 

Isobarnyl  Chloride  was  prepared  according  to  Meerwein  and 
16 

van  Easter.  The  product  thus  obtained  was  rec  rye  tail!  zed  once  from 


(16)  H.  Meerwein  and  K.  van  Bister,  Ber. , 2526  (192 2) 

n-asyl  alcohol  (dried  over  calcium  oxide)  and  twice  from  nitrome thane 
( Fastaan  white  label  dried  over  anhydrous  calciiaa  sulfate,  m.p.  162° 
(uncorr.).  It  was  dried  thoroughly  in  vacutxa  before  use.  Tne  caa- 
phene  used  in  this  synthesis  was  provided  through  the  courtesy  of 
the  Hercules  Powder  Company  Experimental  Station. 

Borayl  C.^loride  v.s  prepared  by  the  addition  of  dry  I1C1  to 
<X  pinen#  (Hercules  grade  distilled  over  sodiun)  according  to  the  pro- 
cedure discussed  by  Thurber  and  Thielke.*7  It  wa3  recrystallized 


(17)  F.  H.  Thurber  and  R.  C.  ThielTce,  This  Journal,  55,  1352  (1951) 

twice  from  low  boiling  50-^0°  petroletwi  ether  (distilled  from  sodium) 
a.p.  151°  (uncorr.)  and  stored  in  a vacuua  desiccator  over  calcim 
chloride  before  use. 

18 

2U5  HicblorpcMaafeAWL  was  prepared  according  to  the  method 

(10)  This  preparation  was  carried  out  by  Mr.  Donald  Pascals  and  Mr. 
Lloyd  Kaplan. 

of  Aaschen.1  Tor  dipole  moment  measurements  it  was  recrystallized 


4 


three  times  fron  absolute  ethanol  and  stored  in  a vacuum  desiccator 

a 

over  calcium  chloride  before  use.  m.p.  170-171  (uncorr.). 


£.4  Dlchlorocanphane  was  prepared  from  synthetic  camphor 
(U.S.P.  du  Pont)  by  the  procedure  suggested  by  Doering  and  Schoene- 

19 

waldt.  The  product  was  recrystallized  twice  fron  absolute  methanol 


(13)  V.  E.  Doering  and  E.  F.  Schoenewaldt,  This  Journal,  75,  255? 
(1361) 


saturated  with  dry  hydrogen  chloride  and  stored  in  a vacuum  desic- 
cator over  calcium  chloride  before  use.  m.p.  178°  dec.  (uncorr.). 


Pure,  dry  carbon  tetrachloride  used  as  the  solvent  in  these 

experiments  was  prepared  fron  C.  P.  Baker  grade  by  the  method  of 

, 20 
Vogel. 


(20)  A.  I.  Vogel,  TfTIBOOK  OF  PRACTICAL  ORCANIC  CHDIISTM,  Longmans 
Green  Co.,  1351,  p.  174-5 


The  dipole  moments  were  computed  from  the  data  tabulated 
In  tables  II,  III  and  TV  by  the  method  of  Gqggenheia^  using  the 


(21)  E.  A.  Guggenheim,  Trans.  Farad.  Soc.,  45,  714  (1943) 
J.  W.  Smith,  ibid.,  534  (1350) 

F.  A.  Guggenheim,  ibid.,  4^,  575  (1351) 


equations 


IS 


* * t 0 --firT-'J 

A * the  dipole  uoaent  in  Debyes 


where 


S ~ slope  of  the  plot  In  the  accompanying  figures 
I,  II  and  III 

T ~ absolute  temperature 

€(  s dielectric  of  solvents  € - dielectric  of  solution 

f)0  = refractive  index  of  solvents  0 refractive  index  of  solution 


Analysis  of  the  error  introduced  by  using  this  simplified  computation 
according  to  the  suggestion  of  Palet  indicates  that  an  error  of  no 


r 


(22)  S.  R.  Pallt,  This  Journal,  74,  8962  (1952) 


greater  than  5 per  cent  could  arise  by  ignoring  consideration  of  the 
solution  densities  in  the  results  reported  here.  This  magnitude  of 
possible  error  lies  beyond  the  limit  which  would  have  significance 
in  our  considerations  above. 


O 
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Dipole  Moment  Data 
Table  II 


r 


Isoborayl  Chloride  £0  * .0535 

(Mole*/C”)104 


6.039 

2.6121 

1.4816 

2.1363 

0.476 

5.494 

2.4167 

1.4594 

2.1238 

0.287 

1.747 

2.3208 

1.4594 

2.1269 

0.194 

0.374 

2.2725 

1.4579 

2.1255 

0.147 

0.0-00 

2.2250 

1.4574 

2.1240 

0.101 

Borayl  Chloride  S0  * .0555 

(Moles/cc)104 


10.0460 

2.7952 

1.4626 

2.1392 

0.654 

5.0235 

2.5772 

1.4S02 

2.1322 

0.375 

2.5117 

2.3650 

1.4538 

2.1281 

0.257 

1.2558 

2.2965 

1.4581 

2.1261 

0.170 

0.0030 

2.2250 

1.4574 

2.1240 

0.101 

Table 

2,6  Dlchlorocamphane 

ILL' 

So  = 

.195  * 105 

Mole  % 

1.51 

2.5450 

1.4594 

2.1298 

0.415 

2.20 

2.5554 

1.4607 

2.1336 

0.520 

4.11 

5.0242 

1.4651 

2.1406 

0.894 

6.05 

5.4015 

1.4548 

2.1456 

1.256 

0.00 

2.2572 

1.4575 

2.1245 

0.113 

Table  TV 


2,4  Dicblorocaaphane 


r 


(Moles/ cc)10v 

4.5394 

2.555 

2.2547 

2.5019 

1.1274 

2.5094 

0.5657 

2.2687 

3.000 

2.2524 

So  - 

7.205  x 10* 

1.4609 

2.1542 

0.451 

1.4597 

2.1507 

0.261 

1.4588 

2.1281 

0.181 

1.4535 

2.1266 

0.142 

1.4578 

2.1252 

0.107 

. 4.  - 


